The relative risk of coronary artery disease among never smokers exposed to environmental tobacco smoke (ETS) versus never smokers not exposed to ETS is approximately 1.2 based on more than a dozen epidemiologic studies. Most of these studies have controlled for the major heart disease risk factors, but residual or uncontrolled confounding remains a possible explanation for the epidemiologic findings. The authors studied 3,338 never-smoking adults aged 17 years or older, who are representative of all US never smokers, in the 1988-1991 Third National Health and Nutrition Examination Survey (NHANES III) to determine whether selected risk factors for heart disease differ between ETS-exposed and -nonexposed persons. Both setfreported ETS exposure (at home and at work) and serum cotinine levels were available, the latter reflecting recent ETS exposure. After adjustments were made for age, sex, race, and education among adults aged 17 years or older, no significant differences were found between the ETS exposed and the nonexposed for any of 13 cardiovascular risk factors with the exception of dietary carotene, which was lower among the exposed. On the other hand, significant positive linear trends were found between serum cotinine and two risk factors (body mass index and alcohol consumption), and significant inverse trends were found with dietary carotene. There were also few differences between exposed and nonexposed never smokers among adults aged 40 years or older, who are most at risk of heart disease. In this group, however, there was an inverse linear trend between serum cotinine and high density lipoprotein cholesterol (p < 0.001). This finding could result from ETS exposure rather than be an indication of confounding; a similar inverse trend was found for children, confirming other results in the literature. Overall, these data suggest little potential for confounding by the heart disease risk factors studied here when ETS exposure is determined by self-report. Am J Epidemiol 1998;147: 932-39.
studies have tried to adjust for the major cardiovascular risk factors, primarily cholesterol, blood pressure, and obesity.
There are few data comparing the prevalence of risk factors for heart disease in never smokers reporting ETS exposure with the prevalence of those reporting no ETS exposure. To further investigate this issue, we analyzed data from 3,338 never-smoking adults studied in the 1988-1991 Third National Health and Nutrition Examination Survey (NHANES m). ETS exposure status (at home and at work) was determined by interview or by serum cotinine level. The NHANES HI population is a representative sample of the entire US population. We considered the following known or potential risk factors for coronary heart disease: diabetes, low (physical) activity, alcohol consumption, serum cholesterol, serum high density lipoprotein (HDL) cholesterol, blood pressure, blood pressure medication, serum triglycerides, dietary fat, percent-age of total calories contributed by fat, dietary carotene, and body mass index (weight (kg)/heighr (m 2 )). The focus of our analysis was to determine whether the ETS-exposed and -nonexposed never smokers differed for these risk factors; if so, these factors would be possible confounders of an ETS-heart disease association. However, we also considered the possibility that HDL cholesterol, which protects against heart disease, might itself be affected by ETS and hence act as an intermediate variable in a causal pathway. Two studies have indicated that HDL cholesterol levels are lowered among ETS-exposed children, suggesting a possible contributor to heart disease risk (2, 3) . HDL cholesterol levels are also known to be lower in active smokers (4) .
MATERIALS AND METHODS
The NHANES HI survey was designed to examine a nationally representative sample of the US noninstitutionalized civilian population. The survey used a complex, stratified, multistage probability cluster sampling. Weights indicating the probability of being sampled were assigned to each individual, enabling analyses in which results represent the entire population. Details can be found in a National Center for Health Statistics report (5) .
The NHANES ITJ survey was conducted in two phases. Here, we consider data from the first phase, which took place from 1988 to 1991 and covered 16,919 people. Of these, 14,269 were interviewed and 12,678 were examined. Of those examined, 10,642 had valid serum cotinine measurements. After eliminating those with incomplete data on ETS exposure, there were 2,530 children aged 6-16 years and 7,740 adults aged 17 years or older with complete data on serum cotinine and ETS exposure. Results for cotinine levels and self-reported ETS exposure for this sample were reported earlier (6) .
Further restrictions were made to limit the data to never smokers. Respondents aged 8 years or older were asked whether they had smoked 100 cigarettes in their lifetime and whether they had used any type of tobacco in the past 5 days. Our analyses were restricted to those who answered "no" to these questions. Children aged less than 8 years were also considered never smokers. Finally, in addition to being self-defined as never smokers, subjects in our study were required to have serum cotinine levels of less than or equal to 15 ng/ml, a cutoff that appeared to adequately separate smokers from passive smokers (6) . Application of these criteria led to a final neversmoking study sample of 3,338 adults and 2,048 children.
Data were gathered about ETS exposure at home and at work. If any household member smoked, all subjects in that household were considered exposed to ETS at home on the basis of an interview with one household member. Adults were also asked how many hours per day they were close enough to tobacco smoke at work to smell it. Those who answered more than "0" to this question were considered exposed at work. In our analyses, we defined self-reported exposure as exposure at either home or work. Serum cotinine was measured via high pressure liquid chromatography in tandem with mass spectrometry (6). The limit of detection using this method is 0.05 ng/ml, considerably lower than the limit established with prior methods. Subjects with serum cotinine levels below the limit of detection were assigned a level of 0.025 ng/ml, half the limit of detection (6) . The reproducibility of the assay is high, with a coefficient of variation of 12 percent based on 293 repeated measurements of a single sample (mean, 0.24 ng/ml; standard deviation, 0.028) (7) .
The outcome variables for this study were diabetes, low level of activity, alcohol consumption, serum cholesterol, HDL serum cholesterol, systolic blood pressure, diastolic blood pressure, blood pressure medication, serum triglycerides, body mass index, estimated daily grams of dietary fat, estimated percentage of daily kilocalories from fat, and the log of estimated dietary carotene (retinol equivalents). Dietary carotene did not include dietary supplements (these data were not available). All of these variables are thought to be risk factors for coronary heart disease, although not necessarily independent of each other. HDL cholesterol, dietary carotene, and moderate alcohol consumption would be expected to be inversely related to heart disease risk, whereas the other variables would be expected to be positively correlated with heart disease.
Blood pressure measurements were derived from averaging six readings for adults (three at home by a trained layperson and three at medical examination by a physician) and three for children aged 6-16 years (all at medical examination by a physician). A mercury sphygmomanometer that was calibrated periodically was used. Height and weight were recorded at medical examination; to avoid recording error, height was also measured using a photograph of the subject and the height scale. The activity level was self-reported and selected from among three levels in response to a question about whether the subjects considered themselves more active, less active, or about as active as most men or women their age. Dietary variables were estimated on the basis of the subjects' recall of their diet during the past 24 hours. Details on the procedures used can be found in a prior publication (5) .
The data were analyzed using SUDAAN software (8) to incorporate sampling weights. Analyses for all outcomes were conducted for adults and for adults aged 40 years or older (those more susceptible to heart disease). Additional analyses for HDL cholesterol were conducted for children. Sampling weights took into account unequal sampling probabilities. Univariate analyses consisted of contingency tables for categorical variables and means and t tests for continuous variables. Multivariate analyses of differences between ETS-exposed and -nonexposed subjects were conducted using regression, in which the predictor variables included a dichotomous exposure variable and variables for sex, race (non-Hispanic white vs. nonwhite), age (divided into thirteen 5-year categories for adults and two 5-year categories for children aged 6-16 years), and education (adults only; any college vs. no college). These demographic variables are all likely to be available to investigators studying ETS and heart disease among never smokers. An index of poverty based on combined family income over the previous 12 months and sources of income was considered a possible predictor variable. However, this variable was missing for 11 percent of adults and 9 percent of children and did not prove to be a predictor for most outcomes for adults once education was included in the model or for children, without any other control for socioeconomic status. Logistic regression was used for dichotomous outcomes (blood pressure medication, alcohol use, low activity levels, diabetes). Log carotene was used instead of carotene, because the original variable was highly skewed.
Regression analyses were also conducted for outcomes by level of serum cotinine as both a continuous and a categorical variable. In the categorical analyses, serum cotinine was divided on the basis of those subjects with levels below the limit of detection (14 percent of adults and 13 percent of children) and by quartiles for those above the limit of detection. In adults, the 25th percentile, median, and 75th percentile of serum cotinine for those with values above the limit of detection were 0.12, 0.24, and 0.61 ng/ml, respectively. For children, the corresponding percentile values were 0.13, 0.32, and 0.98 ng/ml. Both cotinine and log cotinine were considered continuous variables. The test of the significance of the cotinine variable was equivalent to a test for a significant linear trend between cotinine and the outcome of interest. We also used the log of serum cotinine in trend tests; a significant linear trend with log cotinine might occur, for example, when the outcome variable initially increased with increasing serum cotinine but then leveled off or even decreased at the highest cotinine levels. When the cardiovascular risk factors are being considered as confounders, a linearly increasing monotonic trend with cotinine is of primary interest; if the risk factor does not consistently increase (or decrease) with increasing (or decreasing) serum cotinine, it is less likely to act as a confounder. Nonetheless, we present data on the trend with log cotinine for the sake of completeness. A fuller exploration of the shape of the exposure-response curve between cotinine and each risk factor (e.g., exploration of polynomials, splines) is beyond the scope of this paper and not relevant in judging the role of the risk factors as confounders.
RESULTS
About one third of never smokers in our sample were exposed to ETS, according to their self-report; with proper weighting to represent the US population, the proportion of those exposed was 37 percent (men, 46 percent; women, 32 percent). Eleven percent were exposed at home, 20 percent at work, and 6 percent at both home and work. Table 1 shows that those ex- %men % white % adults with any collage Mean age (years) Mean poverty index^; Geometric mean, cotinine (ng/ml) Geometric mean, cotinine, adults aged £40 years * In the unweighted sample there were 1,212 exposed and 2,126 nonexposed adults, and 376 exposed and 1,070 nonexposed adults £40 years of age. All results are weighted to account for sampling probabilities.
t Numbers in parentheses, standard error. % 11% of the sample were missing data for poverty index. Fbverty index was constructed from total family income and supplementary data on source of income; a higher index indicates higher income. posed were significantly more likely to be men, to be nonwhite, to have not attended college, to be younger, and to be poorer than the nonexposed. The geometric mean serum cotinine level of those exposed was 0.48 ng/ml, significantly higher than the level for the nonexposed (0.12 ng/ml). The correlation between selfreported exposure and log serum cotinine was 0.52.
Univariate results for the outcome variables in table 2 show that the ETS exposed were less likely to take blood pressure medication or to have diabetes than were the nonexposed, but they were more likely to have a low level of activity. The exposed also had lower systolic blood pressure, serum cholesterol, and HDL serum cholesterol levels; ate more fat in their diet; and had lower dietary carotene levels. However, these univariate comparisons are often confounded by age, because the exposed group was younger than the nonexposed group. Table 3 shows the same comparisons after adjustment, controlling for age, race, sex, and education, all variables that are likely to be controlled in an epidemiologic study of ETS and heart disease. The data are presented for a white female aged 50-55 years without a college education on the basis of predicted values from the overall regression. Table 3 shows few differences in cardiovascular risk profiles between the exposed and the nonexposed; only estimated dietary carotene has conventional statistical significance. Many models, particularly those for carotene and the percentage of calories from fat, had low R 2 values (percentage of variance explained), suggesting that other uncontrolled variables might play an important role in these outcomes.
A trend between a given outcome and exposure, as measured by serum cotinine, is possible even in the absence of a significant difference between the selfreported exposed and nonexposed groups, because these variables measure somewhat different things (cotinine reflects very recent exposure), because selfreported exposure is subject to misclassification, and because dichotomous comparisons are not equivalent inherently to trend tests of continuous variables. Table  4 
that only the trend with alcohol consumption is strictly monotonic by quartile of cotinine (this last result suggests that alcohol is likely to be consumed in settings where others smoke). The inverse trend with HDL cholesterol is considerably weakened after additional control for body mass index, which has been shown in longitudinal data (9) to be a risk factor for lower HDL cholesterol. Table 5 provides the same results as tables 3 and 4 for adults aged 40 years or older, the population most susceptible to heart disease, with results for both selfreported ETS exposure versus nonexposure and serum cotinine. Alcohol consumption is now less prevalent in the exposed than in the nonexposed adults, dietary carotene levels no longer differ between the two groups, and the decrease in HDL cholesterol levels TABLE 2. Univariate results for outcomes among adult never smokers with cotinine £15 ng/ml, exposed versus nonexposed,* Third National Health and Nutrition Examination Survey, 1988-1991 % taking blood pressure medication % with diabetes (self-report) % with low physical activity (self-report) % drinking alcohol in last 24 hours Mean systolic blood pressure (mmHg) Mean diastolic blood pressure (mmHg) Mean BMI± (weight (kgyheight* (m»)) Mean serum cholesterol (mg/ml) Mean HDL$ serum cholesterol (mg/ml) Serum triglycerides (mg/ml) Total fat in diet (g) % kilocalories in fat Log carotene (retinol equivalents) Table 6 gives the HDL cholesterol results for both ETS-exposed and -nonexposed children aged less than 17 years and for a trend between HDL cholesterol and serum cotinine. The same significant inverse trend between HDL cholesterol and serum cotinine that was seen in adults is also observed in children, although again the trend is not monotonic.
DISCUSSION
The literature is sparse regarding the prevalence of cardiovascular risk factors among nonsmokers exposed and not exposed to ETS. Only one study has explicitly compared a broad range of these factors between ETS-exposed and -nonexposed never smokers (10). Kawachi and Colditz (10) used the Nurses' Health Study in 1982 to compare 26,000 ETS-exposed never smokers with 6,000 nonexposed never-smoking women for a variety of self-reported cardiovascular risk factors. Adjusting for age, they found that those reporting ETS exposure at home or at work were more likely than the nonexposed to report hypertension (19.5 percent vs. 16.3 percent), diabetes (2.6 percent vs. 1.9 percent), and hypercholesterolemia (6.1 percent vs. 5.3 percent); were more likely to be in the highest quintile of saturated fat intake (17.6 percent vs. 15.5 percent); and were more likely to have a father in a blue-collar occupation (24 percent vs. 20.9 percent) and to report having a higher body mass index (mean, 24.5 vs. 23.7).
Relevant data are also available from other studies, although most have focused on diet because of its possible relation to lung cancer. In particular, these studies have considered carotene in the diet because of its possible protection against lung cancer, a thesis that has been weakened by the failure of recent randomized trials to demonstrate that beta carotene supplements protect against this disease (11).
Matanoski et al. (12) studied 3,896 never-smoking married women from the early 1970s who were enrolled in the First National Health and Nutrition Examination Survey (NHANES I). ETS exposure was defined as ever having been married to a smoking spouse. The ETS-exposed women had less education than the nonexposed women did, and they were more likely to be nonwhite and older. After these authors corrected for age and education, there was evidence that the ETS-exposed women had worse diets than the nonexposed, but few of these differences were statistically significant. Analyses were not adjusted for the complex sampling design of the NHANES I survey.
Thorton et al. (13) studied a representative sample of 9,003 adults in England in the mid-1980s. Never smokers reporting exposure to ETS in the home, compared with those not reporting such exposure, were significantly poorer, had less education, lived in larger households, ate more fried foods and less fruit, and were more obese. Data were adjusted for age and sex.
Sidney et al. (14) studied 2,141 nonsmokers in the * Model includes age (5-year intervals), race (white or nonwhite), sex, and education (some or no college). All results were weighted to account for sampling probabilities. Data are presented only when either test for trend gave a p value 3D. 10. Reference category is those with serum cotinine below the Dmit of detection (14%).
f BMI, body mass index; HDL, high density lipoprotein; RE, retino) equivalents.
Kaiser Permanente system in California in 1985. ETS exposure status and dietary intake were determined by questionnaire; 37 percent reported exposure to ETS at home. Few differences were noted for body mass index or education. Carotene intake, the primary focus of the study, was significantly lower in those exposed but did not show a dose-response with hours of exposure at home. Smaller studies by Le Marchand et al. (15) and Shibata et al. (16) also showed that exposed never smokers had a lower dietary carotene intake than did nonexposed never smokers.
Together, these studies are reasonably consistent in showing that the ETS exposed were less educated and had diets lower in carotene or in the quantity of fruits and vegetables consumed. The study by Kawachi and Colditz (10) is the most complete and most similar in design to our own in that a number of cardiovascular risk factors are reported and ETS exposure included exposure both at home and at work (other studies defined exposure as living with smokers), although the data are limited to women. The data reported by Kawachi and Colditz indicate a consistently worse cardiovascular risk factor profile for the ETS exposed, but the reported differences are moderate, and adjustment for them in a study of ETS exposure and heart disease had only a modest effect on the relative risk (a reduction from 1.97 to 1.71). This last point, perhaps the most important, parallels findings from a large study of ETS exposure and heart disease among never smokers in the American Cancer Society CPS-II cohort (17) . In that study, adjustment for age, education, selfreported high blood pressure, diabetes, diet, physical activity, and body mass index only slightly reduced relative risks compared with age adjustment, from 1.31 to 1.19 for men and from 1.25 to 1.23 for women.
In the present study of a representative sample of US never smokers surveyed in 1988-1991, the only significant difference for cardiovascular risk factors between those reporting ETS exposure and those not reporting ETS exposure (at home or at work), after adjustment for demographic covariates, was for dietary carotene. The overall cardiovascular profile of the exposed (table 3) does not differ markedly from that of the nonexposed. Aside from dietary carotene, the difference of 0.5 units in body mass index is perhaps the most marked. Analyses by serum cotinine level found lower levels of dietary carotene and HDL cholesterol, a higher body mass index, and greater consumption of alcohol among those with a higher level of serum cotinine. For adults aged 40 years or older, those most at risk for heart disease, differences between the exposed and nonexposed were also few. The only findings approaching or attaining conventional statistical signficance were lower levels of HDL cholesterol for the ETS exposed (p = 0.07), lower alcohol consumption (p = 0.06), and a linear trend of lower HDL cholesterol levels with higher serum cotinine levels (p = < 0.001).
When the potential role of cardiovascular risk factors as confounders is evaluated in epidemiologic studies of ETS and heart disease, the most relevant data are the comparisons between exposed and nonexposed subjects based on self-report. No epidemiologic studies of ETS and heart disease to date have relied on cotinine as a measure of exposure. * HDL, high density Bpoprotein; BMI, body mass index. t There were 813 exposed and 1,235 nonexposed children in the unweighted sample. The weighted geometric mean serum cotinine was 0.96 ng/ml in the exposed and 0.11 in the nonaxposed (p < 0.0001).
% Model includes age (5-year intervals), race (white or nonwhrte), and sex. All results weighted. The referent group in quartile analysis consists of those below the limit of detection for serum cotinine.
We also analyzed for reported ETS exposure at home versus no exposure at home to parallel many epidemiologic studies in which only home exposure was considered. Again, outcomes generally did not differ between exposed and nonexposed subjects, except that those exposed had significantly lower levels of dietary carotene and now also had significantly lower levels of HDL serum cholesterol.
Differences in cardiovascular risk factors between ETS-exposed and -nonexposed never smokers could be due to ETS exposures serving as a marker for lifestyle differences (e.g., in diet or physical activity). Alternatively, for some risk factors ETS could plausibly cause such differences (e.g., ETS exposure might decrease HDL cholesterol levels). In a cross-sectional study such as NHANES HI, it is difficult to differentiate between these two possibilities.
Regarding HDL cholesterol, which protects against heart disease, we found a significant or borderline significant inverse trend between this variable and serum cotinine in both adults aged 40 years or older and children. For adults aged 40 years or older, HDL cholesterol levels also were decreased for the ETS exposed versus the nonexposed based on self-report, at borderline significance (p = 0.07). The inverse relation between HDL cholesterol and ETS exposure might indicate that HDL cholesterol is a confounder in studies of ETS and heart disease or that HDL cholesterol levels are decreased by exposure to ETS. There is some support in the literature for the latter interpreta-tion. Our findings of an inverse relation between cotinine and HDL cholesterol in children parallel earlier results (2, 3) . Active smokers are known to have decreased HDL cholesterol levels, and there are some longitudinal data among active smokers suggesting that this relation is causal (9, 18) . If HDL cholesterol were acting as an intermediate variable, it would be improper to control for it in an analysis of ETS exposure and heart disease.
Our regression analyses adjusted for demographic variables because they are likely confounders of the association between risk factors for heart disease and ETS exposure among never smokers. For example, those exposed are generally younger and of lower socioeconomic class than the nonexposed. These demographic variables are generally available (without much misclassification) to investigators and will generally be used in regression models in studies of heart disease among never smokers exposed to ETS.
In summary, an overview of our findings for both self-reported ETS exposure and serum cotinine would suggest that the potential for confounding by cardiovascular risk factors in studies of heart disease and ETS exposure among never smokers is limited, assuming that basic demographic covariates (age, race, sex, and education) are controlled. Such confounding would primarily involve body mass index. However, body mass index may not be a strong risk factor for heart disease if other variables such as serum cholesterol and a history of diabetes are taken into account. Furthermore, investigators are often able to accurately control for body mass index.
